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a b s t r a c t
Water scarcity is a serious issue on many small coral islands, including the Spermonde
Archipelago in South Sulawesi, Indonesia. An important driver behind it is population
growth. Additionally, the predicted impacts of climate change will further accelerate the
problem. While a lot of scientific attention has been paid to water scarcity in the Pacific, little
is known about the situation in Indonesia. The paper presents the results of the first
scientific study on water scarcity in an Indonesian Archipelago. It combines an analysis
of historical and contemporary documents with a study about local perceptions on water
scarcity. 160 people on four case study islands were interviewed about water availability and
quality in the past and at present. The results show that although water scarcity is not a new
issue, it has increased from the 1960s onwards. Possible anthropogenic and natural drivers
behind this development are discussed, and management implications presented. It is
argued that management measures need to be island-specific and require local institutions
for water management.
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In the recent debates on climate change and water scarcity,
small and very small islands are increasingly receiving
scientific and political attention, because based on current
climate change scenarios, their vulnerability will increase
(Biermann and Boas, 2010; Daniell, 2012; IPCC, 2012; Mimura
et al., 2007). ‘‘Very small islands’’ are defined as having an area
of not greater than 100 km2 (equal to 10,000 ha) or a width of
not greater than 3 km (Dijon, 1984 in Falkland, 1991). Because* Corresponding author at: Leibniz Center for Tropical Marine Ecology
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Open access under CC BY-NC-ND license.of their small size, surface water usually does not exist in an
exploitable form (Falkland, 1991; White and Falkland, 2009).
Such islands have only two natural sources of freshwater:
groundwater and rainwater. Groundwater appears as a thin
lens of freshwater floating over sea water in coral sand and
limestone aquifers (White et al., 2005a) on islands above a size
of approximately 1.5 ha (Wiens, 1962). There is no sharp
boundary between the lens and the underlying seawater. The
lower boundary is a wide transition or mixing zone where
groundwater salinity increases with depth from freshwater to
seawater (White and Falkland, 2010:228). (ZMT), Fahrenheitstraße 6, D-28359 Bremen, Germany.
erdtner Ma´n˜ez), maria.manez@hzg.de (M. Ma´n˜ez Costa).
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vulnerable due to their limited size, availability and physical
characteristics. Many islands – in particular in the tropics – are
already facing serious water scarcity problems (Burns, 2009;
Cashman et al., 2010; White and Falkland, 2010). There has
been a significant amount of research on this issue, with a
strong focus on the Pacific, for example on the Cook Islands
(Terry and Falkland, 2010), Kiribati (Daniell, 2012; Dray et al.,
2006; Moglia et al., 2008; White et al., 2007, 2008), and a number
of atoll states such as the Maldives, Marshall Islands, Tokelau
and Tuvalu (Lazrus, 2010; Roy and Connell, 1991).
A region which so far has received hardly any attention in
this respect is Indonesia, the largest archipelagic nation of the
world. The vast majority of Indonesia’s approximately 6000
inhabited islands are very small islands. Climate change
predictions assume that most regions of the Indonesian
Archipelago will suffer from a gradual decrease in water
availability due to temperature increase and rainfall changes
(Suroso et al., 2009). Although the country is expected to
experience 2–3% more rainfall, there will be fewer rainy days
per year and an increase in extreme rain events. This will
significantly increase the risk of droughts and flash floods
(PEACE, 2007). In the case of flash floods, the relative amount of
water that can be re-absorbed into the groundwater decreases
severely, which reduces the size of the lenses. Accelerated
coastal erosion, storm surges and sea level rise are supposed
to cause saline intrusion into freshwater lenses (Mimura et al.,
2007). In the face of these climate change projections, water
scarcity clearly poses one of the greatest challenges to the
communities on small Indonesian islands.
Within Indonesia, South Sulawesi is one of the regions
most prone to the impacts of climate change. Predictions show
that the region will face decreasing rainfalls between July and
September, and increasing rainfalls between December and
May (Suroso et al., 2009). In other words, the climate will
become more extreme: the dry season will be drier, and the
rainy season wetter. The Climate Change Sectoral Roadmap
for Indonesia has already defined South Sulawesi as an area
being under high risk of water shortage (Suroso et al., 2009).
This includes the Spermonde Archipelago off the coast of
Makassar, one of the largest coral archipelagos in Indonesia.
Although White et al. (2007) have argued that communities
on coral atolls face some of the most critical water problems in
the world, scientific and political awareness of this problem in
Indonesia is very limited. For example, the roadmap of climate
change adaptation in the marine and fishery sector focuses
primarily on eroding and sinking small islands of strategic
importance for Indonesian borders (Suroso et al., 2009). The
former director of Indonesia’s Small Island Management Unit
at the Ministry of Fisheries and Marine Affairs did not put any
emphasis on water scarcity during the UNFCCC (United
Nations Framework for the Convention of Climate Change)
meeting in Cancun 2010 (see Ruchimat, 2010).
A possible explanation why small islands play hardly any
role in the Indonesian climate change and water scarcity debate
is that other water scarcity-related issues are much more
prominent, such as decreased crop production and its possible
impacts on food security (PEACE, 2007). The paucity of scientific
studies on water scarcity in Indonesian islands certainly plays
an additional role. Besides a general hydrological balance studyof small islands in Indonesia and the Philippines; and the
proceedings of a regional workshop on small islands hydrology
in the region (Daniell, 1986; Research Institute for Water
Resources Development, 1993), there appears to be only one
case study which deals with water issues on a small Indonesian
coral atoll (Research Center for Environmental Studies, 1987),
which is no longer available. Considering the climate change
predictions and the large number of potentially affected islands,
there is an obvious need to take a closer look at the issue of water
scarcity on Indonesian small islands.
2. Dimensions of water scarcity
Generally, water scarcity implies an imbalance between the
availability of freshwater and the demands of a specific social–
ecological system. The notion of ‘‘water being scarce’’ implies
a problem in satisfying the needs of humans and/or the
environment for water in a sufficient quantity and quality at a
given time. The concept itself has been intensively debated
and re-framed, and perspectives on the nature of scarcity are
undergoing a change from emphasis on physical aspects and
technical solutions toward social, economic, cultural and
political aspects (Daniell, 2012; Johnston, 2003; Mehta, 2007;
Wolfe and Brooks, 2003). Physical scarcity – also known as
water shortage – refers to a limited physical amount of water
at a given time, such as the total amount of water available to
an island population for a particular period. Attempts to define
water scarcity tend to use the availability of water per person
and year (Clarke, 1993; Falkenmark, 1989). Other, more
comprehensive indicators aim to include economic and social
factors (for an overview, see Daniell, 2012; Rijsberman, 2006),
but their empirical implementation has so far been limited.
However, it is important to keep in mind that water scarcity is
more than just a physical issue, but rather a relative social
construct influenced by biophysical conditions and processes
as well as human actions and relationships (Johnston,
2003:75). For example, scarcity can be the result of how water
and access to water is distributed among its users (Mehta,
2001, 2007). Following Clarke (1993), Wolfe and Brooks (2003),
and Daniell (2012), we argue that there are three dimensions of
water scarcity, which may occur individually or in combina-
tion: (1) physical or environmental, (2) economic and (3) social
or political water scarcity. While physical water scarcity refers
to water availability and quality, economic water scarcity
appears if the costs to provide an adequate supply are
prohibitively high. Social or political water scarcity is often
the result of mismanagement, access and allocation problems.
The first two dimensions are mostly addressed through
technical solutions aiming to influence consumption, but
social water scarcity requires management of demand. As
Wolfe and Brooks have pointed out, it is ‘‘. . . not so much how
to use water more efficiently, but why use water in this way at
all’’ (Wolfe and Brooks, 2003:103).
To address these dimensions, one has to have a clear
understanding not only of the resource itself, but also of the
people who use it (Nomdoe et al., 2006). Whether or not people
perceive water as scarce will not only depend on water
availability; but also on people’s social environment, including
their historical uses, rules, norms, and institutions. Hence, the
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the scarcity which they perceive. The understanding of the
social processes related to the perception of water scarcity and
its causes is very important in this respect (Aguilera Klink
et al., 2000). Given that it is mainly people’s perception that
determines their actions, we argue that more attention should
be paid to the analysis of perceived water scarcity.
The aim of this study has been to obtain a general
understanding of water scarcity in the Spermonde Archipelago
by summarizing the available data and gathering information
on local perceptions. The inhabitancy of small coral islands like
the Spermonde Archipelago has always been characterized by a
fragile relation between sufficient water availability, population
density and water usage. Even small changes – either of physical
or societal nature – would therefore quickly trigger water
scarcity. Over the past century, the Spermonde Archipelago has
undergone major environmental and societal changes. We thus
hypothesized that water availability and quality on the islands
have decreased in recent decades.
In this paper, we present our results as the first analysis of
water scarcity in an Indonesian coral archipelago. It is based
on a field study about people’s perceptions on water scarcity,
and on an analysis of historical and contemporary literature.
Water scarcity, its development and the underlying drivers are
analyzed, and local coping strategies are described. At the end,
potential management options are discussed.
3. The case study area
The Spermonde Archipelago comprises some 67 low-lying
coral atoll islands distributed over a submarine limestone
plateau, the Spermonde shelf (Umgrove, 1930) (Fig. 1). Within
the province of Sulawesi Selatan (South Sulawesi), the islands
belong to five different administrative regions: the municipal-
ity of Makassar and the regencies of Pangkajene Kepulauan,
Takalar, Barru and Maros.
South Sulawesi experiences the highest total rainfall and
the highest precipitation seasonality in Southeast Asia (Moore,Fig. 1 – The Spermonde Archipelago. Case study islands are
indicated by arrows.1995). It is subject to monsoonal weather and has two major
seasons. From December to March, the north-western
monsoon brings intensive rainfalls, while the south-eastern
monsoon with rather dry weather extends from June to
September (Tomascik et al., 1997; Umgrove, 1930). Annual
rainfall varies between over 2100 mm in the rainy season and
around 200 mm in the dry season (Moore, 1995).
Fiftyfour of Spermonde’s coral atolls are inhabited,
including all that have an autochthonous water source. As a
result of their small size and low height, the freshwater lenses
of such islands are often no more than 10–20 cm thick (Burns,
2009; Falkland and Custodio, 1991). The surface soils are
extremely thin, have a low water retention quality, and do not
well protect the underlying lenses (White and Falkland, 2010).
Therefore, these freshwater lenses are easily overexploited;
and especially susceptible to pollution by fuels, solid waste
and sewage disposal (Falkland and Brunel, 1993; White and
Falkland, 2009).
4. Methodology
Several field trips were conducted to a number of islands in
Spermonde between March 2009 and May 2010. The aim of
those trips was to analyze environmental and social changes
on the islands. This included the investigation of temporal and
spatial dynamics in inhabitant livelihoods and their resource
use (Glaser et al., 2010).
The collection of data was carried out in two steps: initially,
informal interviews and 24 focus groups were conducted on 10
different islands in order to obtain a general overview of topics
viewed as important by the island communities. During this
initial step, water scarcity emerged as a pressing issue on a
number of islands. For this reason, it was specifically
addressed in the second step of data collection.
In a second step, particular islands where chosen for
detailed analyses: the islands of Badi (Pangkajene Kepulauan),
Bone Tambung (Makassar) Saugi (Pangkajene Kepulauan) and
Barrang Caddi (Makassar). They represent different stages of
water scarcity: while Badi and Barrang Caddi originally had
their own, and sufficient, groundwater supply, Bone Tambung
has always depended on rain water collection in small wells,
and water imports. Saugi is the only island which still has
sufficient groundwater. A semi-standardized questionnaire
was used, which contained four specific questions on water
availability and water quality:
(1) How is the availability of freshwater on the island at
present?
(2) How was the availability of freshwater on the island in the
past?
(3) How is the quality of the island’s well water?
(4) How do people on the island obtain freshwater?
Additionally, it was asked if waterborne diseases such as
diarrhea occur, and if yes, how frequently. For questions (1)
and (2), the respondents could choose between the categories
‘‘sufficient’’, ‘‘insufficient’’ and ‘‘no water’’. When responding
to question (3), interviewees could choose between four
categories to describe the water quality. They were developed
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Indonesian statistics (Badan Pusat Statistik, 2007). Category 1
described water as clear. In category 2, water was described as
clear, odorless and salty. Category 3 referred to water that is
clear and tasteless, but smelly. In category 4, the water was
described as murky, smelly and salty. While water in category
1 corresponded to water not impacted by saltwater intrusion
or obvious pollution, categories 2 and 4 indicated saltwater
intrusion, and categories 3 and 4 indicated potential health
threats from organic pollutants.
A total of 160 respondents were interviewed (40 per island)
following a convenience sampling approach. Convenience
sampling assumes a homogenous population, but it can also
be used to demonstrate that a certain phenomenon occurs in
any sample taken (see, for example, Ahiablame et al., 2012).
The intention had been to see if water scarcity matters to all
inhabitants of the case study islands. The frequency of the
different availability categories in the past and present and of
the quality categories (questions 1–3) was compared between
the four study islands using Pearson Chi-Square tests. All data
from the questionnaires were analyzed using SPSS 17.0.2
(PSAW Statistics, 2009).
To complete and verify information, two follow-up inter-
views were conducted with community leaders on Bone
Tambung and Barrang Caddi. In addition, historical and
contemporary documents including scientific reports, obser-
vations from travelers, official statistics, and governmental
reports were reviewed to obtain further information on
settlement history, population density, water availability,
and related issues. The historical documents were partly
obtained from archives (namely the Indonesian National
Archives in Jakarta and Makassar, and the Dutch Royal
Netherlands Institute of Southeast Asian and Caribbean
Studies in Leiden), and from web-based collections.
5. Results and discussion
5.1. Settlement history
At least since the 16th century, the Spermonde Archipelago
has been inhabited by Bajau people (Villiers, 1990). The Bajau
belong to a larger group of so-called ‘‘sea nomads’’ or ‘‘sea
folk’’, nomadic boat people which are scattered over large
areas of maritime Southeast Asia (Sopher, 1965). Their favorite
locations have always been clusters of islands which were too
small to attract the attention of land-based peoples, but large
enough to provide freshwater. For the Bajau, Spermonde with
its abundant water resources had probably been the mostTable 1 – Perceived availability of freshwater on case study is
Past 
Sufficient Insufficient N
Badi 19 (47.5) 21 (52.5) 
Barrang Caddi 0 40 (100) 
Bone Tambung 0 20 (50) 2
Saugi 24 (60) 16 (40) attractive location in Sulawesi (Reid, 1999), at least for
temporary stays and to collect water. Permanent settlements
in the archipelago only begun in the early 18th century
(Mattulada, 1994). Some 200 years later, the archipelago was
densely populated by different ethnic groups including Bajau,
Bugis and Makassarese (Wallace, 1894:293; Weber van Bosse,
1904). In 1939, about 20,000 people lived in Spermonde (De
Moor, 1939). Currently, the archipelago is home to some 45,000
people.
5.2. Water resources and water scarcity
Water availability had been a major factor behind the
settlement of the Spermonde Archipelago. While some islands
became densely settled between 1700 and 1900 (Weber van
Bosse, 1904), eighty percent of the archipelago were reported
as being uninhabited at the beginning of the 20th century due
to the limited availability of freshwater (Stibbe, 1921).
However, such statements need to be treated with caution,
as it remains unclear how the author defined the geographical
boundaries of the archipelago. But also on the settled islands,
water was not plentiful. Thanks to an early study on water-
borne diseases, we have a detailed description of the
freshwater supply in the late 1930s: ‘‘Drinking water is drawn
from primitive wells which are scarce, so that one well has to
do for several houses and sometimes for a whole kampong
(village, own translation). In the wet season, these wells are full
to the brim, in the dry season most of them contain only a little
dirty water, so that proper drinking water is hard to get. Near
the sea and on many islands the wells are brackish, so that
drinking-water has to be fetched from elsewhere.’’ (De Moor,
1939:323). Following this quotation, seasonal shortages of
water were not unusual. Some islands already suffered from
water scarcity more than 70 years ago, at least temporally.
5.3. The situation on the case study islands
The perceived availability of freshwater both at present and in
the past differed significantly between the four study islands
(Table 1; Pearson Chi-Square test, x2 = 63.099, df = 3, p < 0.001,
and x2 = 118.379, df = 6, p < 0.001, respectively). Furthermore,
the perceived quality of well water also differed significantly
between islands (Table 2; Pearson Chi-Square test,
x2 = 132.514, df = 9, p < 0.001). In the following, the situation
on each island is described in more detail.
Badi Island is the largest of the case study islands, with a
size of 7.4 ha. Between 1600 and 1900 people live on Badi,
which means the island has an average population density
between 216 and 257 people per hectare (see Table 3). Therelands [n (%)].
Present
one Sufficient Insufficient None
0 1 (2.5) 39 (97.5) 0
0 0 40 (100) 0
0 (50) 2 (5) 38 (95) 0
0 22 (55) 18 (45) 0
Table 2 – Perceived water quality on case study islands [n (%)].
1: Clear, tasteless, odorless 2: Clear, odorless, salty 3: Clear, smelly, tasteless 4: Murky, smelly, salty
Badi 0 27 (67.5) 7 (17.5) 6 (15)
Barrang Caddi 0 18 (45) 3 (7.5) 19 (47.5)
Bone Tambung 0 2 (5) 0 38 (95)
Saugi 17 (42.5) 17 (42.5) 6 (15) 0
Table 3 – Characteristics of case study islands.
Size in ha Population size People per ha Former freshwater supply Freshwater supply today
Badi 7.4 1600–1900 216–257 Local wells From Makassar
Barrang Caddi 4 1300 325 Local wells From Makassar
Bone Tambung 5 480 96 Rainwater, other islands From Makassar
Saugi 1.53 420 274 Local wells Local wells
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available. The water is taken up with buckets and carried
home for drinking. Washing and cleaning of dishes and
clothes takes place directly at the wells.
When asked about the availability of well water in the past,
47.5% of the respondents described it as sufficient, while 52.5%
considered it as insufficient. This differs considerably from the
present situation, as 97.5% of the interviewees perceive the
current water availability as insufficient. The four public wells
provide water throughout the year, but the 150 private wells
become salty or dry up completely during the dry season. The
water quality is sufficient for drinking only during the rainy
season, after the water has been boiled. During the rest of the
year, well water can only be used for washing and bathing, and
drinking water has to be bought in Makassar. This water trade
is organized by traders, who ship water drums with a volume
of 20 L to the island. Interviewees agreed that the water
scarcity problem has accelerated since the 1960s, when the
majority of wells became salty. People first responded to this
development by digging shallow holes around the wells. These
‘‘water catchment areas’’ collected rainwater during the rainy
season which could then slowly seep into the ground.
Although this strategy had some success, since the 1970s
the amount of rain became insufficient to replenish the
groundwater. Since then, the quality of water decreased
considerably. According to 82.5% of the respondents, their
wells show signs of saltwater intrusion, and 32.5% reported
smelly water, indicating some form of pollution (Table 2).
About one third of the interviewed people complained about
occasional occurrences of diarrhea.
The second island, Barrang Caddi, has a size of 4 ha and is
presently inhabited by 1300 people. With an average of 325
people per ha, this island has the highest population density of
all case study islands. We do not know the exact number of
wells; but almost each household possesses its own. Addi-
tionally, there are six public wells on the island, where the
water is pumped up. Presently, a new public well is being built
with governmental support. It will also contain public toilets.
Traditionally, the beach at one side of the island is used for
defecation, so that feces are washed into the sea.
All respondents agreed that well water availability has
always been insufficient, and that water scarcity is a pressing
issue today. The majority of wells just provide water duringthe rainy season, only the public wells have water throughout
the year. The water quality of all wells is very low, so that
drinking water has to be imported from Makassar. More than
90% of the respondents reported saltwater intrusion into their
wells, and over half of them described their well water as
smelly (Table 2). Over 80% of the interviewees complained
about a regular occurrence of diarrhea. Similar to Badi Island,
well water became brackish since the 1970s. In 2000, the Japan
International Cooperation Agency (JICA) provided financial
support to build a desalination plant, which delivered water
until 2003. When some of the technical equipment broke
down, a lack of spare parts and missing knowledge hindered
the repair. Water traders had always argued that the
desalination plant was unnecessary, which might have
contributed some resistance to its repair. In 2005, the
construction was seriously damaged during a strong storm.
In combination with beach erosion, this led to the collapse of
the whole building in 2007.
The island of Bone Tambung with its 5 ha and 480
inhabitants has the lowest population density of all case
study islands: only 96 people per ha. This is certainly related to
the fact that Bone Tambung has no groundwater. Vegetation is
sparse, and the few trees consist mainly of coconut palms.
Until about a century ago, the island had not been perma-
nently settled. Bone Tambung’s inhabitants still trace their
origins to the first descendants (Idrus, 2009), the parents of the
island’s present community leader. He reported that his
parents collected rainwater, but also got water from other
islands. Rainwater is collected in dug-out holes. Several of
them are publicly available, but only two have enough water
throughout the year. All respondents described their water
from these holes as salty, and the vast majority also
mentioned that it was smelly and murky (Table 2). Drinking
water has to be imported from Makassar. Due to improved
boat connections, the availability of bottled water from the
mainland has increased in recent years. Yet, 75% of the
interviewees reported occasional occurrences of diarrhea.
Saugi Island is the smallest of the case study islands with a
size of 1.53 ha. Inhabited by 420 people, the average population
density reaches 274 people per ha. It also has the highest
amount of vegetation of all four islands. The number of wells
on Saugi Island is not known, but most households possess
their own well. 60% of the respondents mentioned that water
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perceive that a sufficient amount of well water is available to
them. More than half of the people described their water as
tasteless, pointing to a low level of saltwater intrusion. Only
15% of all respondents mentioned that their water is smelly. In
comparison to the other islands, this indicates the lowest level
of water pollution. Still, more than half of the people reported
an occasional occurrence of diarrhea.
The findings do provide some evidence for our hypothesis
that water availability and quality has decreased in recent
decades (see Table 1). On Badi Island and on Saugi, the
availability of freshwater has decreased since the 1960s and
1970s. On Bone Tambung, availability has increased, but only
as a result of more frequent boat connections to Makassar
which allow the transport of bottled water from the mainland.
Respondents on Badi and Barrang Caddi furthermore reported
that the water quality had decreased over the last 40–50 years.
5.4. Dimensions of water scarcity on the case study
islands
This analysis shows that water scarcity is a daily problem for
the majority of people on three of the four case study islands:
Badi, Barrang Caddi and Bone Tambung. Even on Saugi – the
island with the best water availability and quality – more than
half of the interviewees perceive their freshwater supply to be
insufficient. Applying the water scarcity framework (Clarke,
1993; Daniell, 2012; Wolfe and Brooks, 2003) to our findings, the
present situation is mostly a case of physical scarcity, as the
amount of water available on the islands appears inadequate
to provide sufficient supply to all inhabitants. However,
economic and social dimensions of scarcity also play a role.
As shown in the case of Bone Tambung, fresh water can also be
supplied from the mainland. But the considerable costs this
entails imply that supply is also limited from an economic
perspective. Finally, the uncoordinated drilling of wells, which
appears to have contributed to the present situation of
scarcity, and other management failures constitute a social
and political aspect of water scarcity. The drivers underlying
these different dimensions of scarcity are discussed in the
following sections. They can be separated into three major
categories: (1) population growth and its related conse-
quences, (2) the impacts of climate change and (3) manage-
ment failures.
5.5. Population growth
If we simply assume that the amount of water has stayed the
same, population growth is indeed a straightforward expla-
nation for the physical scarcity felt by Spermonde’s inhabi-
tants. Over the last 70 years, the archipelago’s population has
significantly increased. In 1939, some 20,000 people lived on
the 50 settled islands (De Moor, 1939). Today, Spermonde has
approximately 45,000 inhabitants. In other words, a single
person today would have less than half of the water available
compared to a person in 1939. Given that freshwater has never
been plentiful (De Moor, 1939), this alone seems to be a major
driver behind water scarcity in Spermonde. Looking on the
supply side, the assumption of more or less constant water
availability is a very conservative one to make. The populationincrease has been coupled with increased building activities.
Barrang Caddi, for example, has hardly any free space left,
leaving almost no space for rain to seep into the ground.
Another factor could also have an influence on the water
quality: all deceased are buried in each respective island’s
cemetery. Following the Islamic customs, a dead body must be
buried in the ground. Due to population growth, cemeteries
have become overcrowded. Although this has not been
analyzed, it is likely that the products of decomposition of
the bodies further threaten the freshwater lenses.
5.6. Climate change induced impacts
There are three natural drivers which can have an impact on
freshwater lenses in small coral islands: coastal erosion, over-
wash caused by storm surges, and changes in precipitation
patterns. Those drivers have possibly been exacerbated in the
last decades through anthropogenic climate change.
Coastal erosion is the most severe threat to freshwater
lenses. Slow onset events such as sea-level rise and fast onset
events such as powerful storms contribute to erosion of coral
islands, with significant impacts on the groundwater
resources (Terry and Falkland, 2010). This is connected to
the fact that a direct relation exists between the size of an
island and the size of its freshwater lens. Smaller islands also
have smaller freshwater lenses. For example, a 20 percent
reduction in island width would almost halve the available
freshwater (Roy and Connell, 1991). The impacts of climate
change on small islands include sea-level rise and an increase
in extreme events, such as more frequent and powerful
storms (Mimura et al., 2007). Following the latest IPCC update
report, there is high confidence that locations currently
experiencing coastal erosion will continue to do so in the
future (IPCC, 2012:15). Spermonde’s inhabitants have reported
more frequent and intense storms, as well as increased beach
erosion. Their observations are confirmed by scientific
findings that there has been a large increase in the number
and proportion of strong hurricanes in the North Pacific and
Indian Oceans (Emanuel, 2005; Webster et al., 2005). Storms
tend to last longer and have become increasingly more
destructive over the past 30 years (Emanuel, 2005). Although
details are still debated (Knutson et al., 2010), these develop-
ments are at least partially related to specific impacts of
climate change, such as an increase in sea surface tempera-
tures. As the seas warm, the ocean has more energy to convert
to tropical cyclone winds (Elsner et al., 2008).
Over-wash by high waves is another major threat to the
groundwater resources on small islands. The porous coral
sands are easily penetrated, and open wells like those
common in Spermonde also favor the rapid transmission of
seawater into the ground. For example, overtopping by storm-
generated waves caused sea water to contaminate groundwa-
ter resources in Tokelau, the Marshall Islands and the
Northern Cook Islands. Several months of rainfall were
needed to refresh the lenses (Falkland, 1999; Terry and
Falkland, 2010). Although these impacts are reversible, Terry
and Falkland (2010) have pointed out that an increased storm
frequency will also increase the frequency of over-wash and
then place an additional pressure on the freshwater resources
of small islands. There is anecdotal evidence for at least one
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water stood waist-high in the center of Bone Tambung during
a storm event.
Changes in precipitation patterns have a significant impact
on the availability of freshwater, because they are directly
related to the recharging of lenses. According to the climate
predictions for South Sulawesi, the Spermonde Archipelago
will be subject to both drier and wetter seasons (Suroso et al.,
2009). Decreasing rainfall may lead to meteorological
droughts, during which rainwater becomes insufficient to
replace the freshwater which is lost through mixing with
underlying seawater, outflow (Terry and Falkland, 2010), and
human extraction. However, short record lengths and the
inadequate resolution of current climate change models limit
the assessment of expected changes in rainfall patterns (IPCC,
2012).
5.7. Management failures
From a social perspective, the case study islands are
characterized by an absence of institutions for water use
and management. There are no regulations on where, how, or
how many wells can be built. We do know that the number of
wells per island has increased. While in the 1930s most people
depended on the few public wells (De Moor, 1939), today nearly
each household possesses its own well. Badi Island has
approximately 150 wells distributed over an area of little more
than 7 ha. Wells are distributed all over the island. A
construction at unsuitable sites such as close to the transition
zone can change the boundary between fresh- and saltwater
with long-lasting impacts on the freshwater lens. Over-
pumping has a similar effect (Diaz Arenas and Falkland,
1991). Although there are no data, we assume that the easy
availability of water due to more household-owned wells also
contributed to an increase in use. Both facts – the increased
number and their construction at unsuitable sites – could have
accelerated the increased physical water scarcity.
Water extraction is also not regulated. Interestingly,
several other small Indonesian islands have traditional rules
to regulate water uses. This includes for example restrictions
on the number of wells, or a supervision of water extraction by
an elder. On the Banda Islands, water extraction is temporarily
limited to from just after high tide until half-time to low tide
(Hehanussa, 2002). As the tidal cycle is an important factor
behind the movement of the freshwater lens and the mixing of
fresh- and seawater (White and Falkland, 2010), this regulation
may indeed reflect what Hehanussa has called a ‘‘traditional
wisdom to conserve water’’ (Hehanussa, 2002:239). The
observed absence of traditional customary forms of manage-
ment in our study area is not limited to freshwater, but also
applies to marine resources (Glaser et al., 2010). This appears
to be a consequence of the migratory background which
characterizes the majority of Spermonde’s inhabitants.
Permanent settlements on the islands only started about
300 years ago (Mattulada, 1994). The diverse ethnical back-
grounds of people and the associated cultural differences
presumably also play a role, because the functioning of
traditional tenure systems requires, besides resource scarcity
and other factors, a clear group and territorial identification,
respectively (Dahl, 1988). Although traditional managementdoes not guarantee sustainable resource use, the absence of
any water use-related institutions (traditional, emergent or
formal) certainly is an additional driver behind social water
scarcity. The only known institution that has a positive impact
on the island’s freshwater lenses, by protecting them from
organic pollution, is the use of the beach for defecation. This
ensures that feces are washed into the sea. This is common
practice on many small islands designed to reduce contami-
nation risk in low density settlements (White et al., 2007).
6. Management implications
6.1. Current local coping strategies
The previous chapters have shown that water scarcity has a
serious impact on the inhabitants of the four case study
islands. Our results indicate that it is mostly physical scarcity
that threatens Spermondes’s inhabitants. They have devel-
oped different management strategies which can be differen-
tiated into two categories: those that aim to limit the demand
for freshwater, and those which aim to increase the supply or
availability of freshwater. Limitations exist especially in the
first category, because there are basic requirements for
freshwater which have to be met. Still, an important strategy
on the islands is to limit freshwater use to absolutely
necessary things, such as drinking and cooking. An interesting
development in this respect is a change in the processing of
sea cucumbers. For centuries, the Spermonde Archipelago has
been known as a place were sea cucumbers are collected and
processed (Schwerdtner Ma´nez and Ferse, 2010). Whereas part
of a common processing procedure was the cooking in
saltwater, a special quality had been achieved by using
freshwater. As a result of water scarcity, this technique was
given up.
People on Badi Island, in particular, reported a strategy that
had been developed in the 1960s and 1970s, when most wells
became brackish and stayed that way even after the rainy
season. To slow down the run-off of rainwater, people built
small water catchment areas by digging shallow holes around
their wells. The collected water could then slowly seep into the
ground. Although this technique seemed to have had some
success, it was later given up when people felt that it was too
limited. In a similar way, the inhabitants of Bone Tambung
drilled holes to collect rainwater. However, this water had
always been brackish. This is not surprising, given the fact that
Bone Tambung never had an autochthonous freshwater
supply.
Another way of responding to water scarcity is to increase
the availability of freshwater. In the case study islands, this
had first been done by attempts to improve the access to the
resource. Numerous new wells were drilled; some have also
been equipped with automatic pumps. It is quite likely that
this has only accelerated the problem. Building of wells at
unsuitable sites increases the danger of salinization, even
more so during times of storm over-wash.
The construction of a desalinization plant on Barrang Caddi
Island had been a different effort to increase water supply.
Unfortunately, a combination of natural and social reasons
caused the failure of this project. Technical difficulties,
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erosion ended this attempt. On many small islands, desalini-
zation has an overall low success rate. This is often caused by
the fact that the equipment used is too expensive to operate
and maintain, and often too complex for local technicians.
Furthermore, such facilities are usually energy-intensive, thus
putting pressure on another limited resource on small islands
(Cashman et al., 2010; White and Falkland, 2010). A new
desalinization plant is currently being built on one of the case
study islands. This time the project is based on governmental
support from the Small Island Management Unit at the
Ministry of Fisheries and Marine Affairs, which indicates some
political awareness toward the issue. One can only hope that
lessons have been learned from the failure of the first
desalinization plant, and that at least some of the issues are
now better addressed, such as the need to ensure proper
maintenance that can actually be provided at the local level.
In the end, the buying of water from Makassar has become
the most prominent strategy to combat water scarcity. This
has led to the development of a new group: the water traders.
The water trade is not an exclusive business. Basically
everyone owning a boat with sufficient space and a motor is
able to buy water in Makassar. However, people who trade
water on a more regular basis profit from water scarcity.
Consequently, they might have different interests than the
rest of the community, as has become obvious when water
traders argued against the repair of the desalinization plant on
Barrang Caddi.
6.2. Management for the future
Spermonde’s inhabitants have developed several strategies to
deal with water scarcity. But similar to many other small islands
and coral atolls, the demand for freshwater exceeds the
available supply. Under the current population pressures and
considering the predicted climatic conditions, the problem will
almost certainly be exacerbated. If the islands continue to be a
suitable place for living over the next decades, water scarcity
urgently requires more attention. Although Indonesia sees
itself as having a leading role in water management in Asia
(Boediwardhana, 2011), water management institutions at all
levels are considered to be inefficient and ineffective due to a
lack of monitoring and management tools (Fulazzaky and Akil,
2009). Monitoring and analysis are at best sporadic. In
Spermonde, neither the available amount of water and its
quality nor the actual demand and its development potential
are known. At present, there is an almost complete absence of
data. The provision of knowledge is a key factor to manage
water scarcity (White et al., 2007). It is therefore very regrettable
that the results of what appears to be the only case study on
water availability in the archipelago (Research Center for
Environmental Studies, 1987) are not available any more. In
such data-scarce situations, existing results have to be made
available to scientists and water managers.
From a political perspective, there is a need to implement
the existing national water legislation in such a way that rights
and responsibilities are clearly defined, and local communities
are involved and supported in managing their water. Such
capacity strengthening needs to be adapted to local condi-
tions. The Indonesian Water Law 7/2004 specifies in article 11(2) that ‘‘The water resources management scheme . . . shall be
prepared based on the river area.’’ According to article 1 (1) of
the law, the term river area also refers to small islands with an
acreage of less or the same as 2000 km2 (Law on Water
Resources Indonesia, 2006). Considering the specific condi-
tions of each atoll, such an individual solution for each island
seems to be the only way. In this line of argumentation,
Henahussa has called for a ‘‘one island one management
plan’’, with village-level water committees (Hehanussa, 2002).
These committees could develop and decide upon island-
specific strategies, and be supported by local and regional
authorities and potentially international aid. White et al.
(2007) have pointed out that such aid needs a long-term
perspective, and will only work with local support. The failure
of Barrang Caddi’s desalinization plant illustrates what may
happen otherwise.
An important measure with high potential is the harvesting
of rainwater from roof tops and its collection in tanks. This is a
common sight in many small islands throughout the Pacific
and the Indian Oceans, and at present one of the most
prominent adaption strategies to water scarcity (Ghina, 2003).
Rainwater collection bears much lower risk of water pollution,
if the harvesting and storing facilities are kept clean (Smith,
2007). Such systems can also be used in areas with hardly any
free space left. This is important, because many islands in
Spermonde are densely settled, so that free space is another
extremely scarce resource.
In 1996 and 1997, islands in the regency of Pangkajene
Kepulauan, including Saugi and Barrang Caddi, were equipped
with communal rainwater harvesting facilities. This had been
part of the program ‘‘Pembangunan Prasarana Pendukung
Desa Tertinggal’’ (P3DT) (infrastructure development in
support of underdeveloped villages). Facilities consist of
rectangular collectors and storage tanks. At present, none of
them function any more. The reasons behind this are yet
unknown, and certainly deserve investigation. It is possible
that nobody felt responsible for their maintenance, which
might again result from the absence of institutional arrange-
ments for water management on the islands. A potential
solution could be the building of individual collection facilities.
This would need a careful preparation, as a recent study from
the Caribbean did show that house owners were reluctant to
invest in the adaptation of their homes (Cashman et al., 2010).
Also, investment costs may be too high for local people.
7. Conclusions
Water scarcity already has a large impact on people’s life in the
Spermonde Archipelago. Although a fragile relation between
sufficient water availability, population density and water
usage is common for such small coral atolls, population
growth has accelerated the problem. Considering the current
climate change predictions, water scarcity is about to become
one of the most pressing problems for the local communities.
This study has identified several anthropogenic drivers, such
as population growth, an increase in the number of wells, and
the absence of water management institutions. Natural
drivers, including coastal erosion, over-wash and change in
precipitation patterns, also play a role.
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with these challenges alone. Support is rather sporadic and
not always adapted to local needs and conditions. Research on
the different dimensions of water scarcity – physical, social
and perceived – as well as on the changing demands is
urgently needed. Additionally, there is a need for political
action. The Indonesian Water Law 7/2004 offers the possibility
to address water scarcity on small islands in an adequate way.
It favors the development of individual water resource
management schemes for each island, and calls for a wide
participation of local resource users. Considering that
Indonesia has about 6000 inhabited islands, this is an
enormous task. However, ‘‘business as usual’’ might soon
leave many small islands without any exploitable freshwater
at all.
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